EXPRESS MAIL NO. EV343588335US 

BRAKE SYSTEMS FOR AIRCRAFT WING FLAPS AND OTHER CONTROL 

SURFACES 

TECHNICAL FIELD 

[0001] The following disclosure relates generally to brake systems for holding 

wing flaps and other aircraft control surfaces in position, and to methods for using 
such brake systems. 

BACKGROUND 

[0002] All aircraft include movable control surfaces for directional control in flight. 

Such control surfaces can include ailerons for roll control, elevators for pitch 
control, and rudders for yaw control. In addition, most conventional jet transport 
aircraft typically include leading edge slats and trailing edge flaps on the wings. 
These devices can be used to generate high lift during takeoff and landing when 
the aircraft is traveling at relatively low air speeds. 

[0003] Federal aviation regulations (FARs) impose airworthiness standards on lift 

and drag devices for transport category aircraft. For example, FAR § 25.697 
requires that such devices (e.g., trailing edge flaps) must maintain selected 
positions (e.g., extended positions) without further attention by the pilot. This 
requirement applies at all times during flight. Thus, lift and drag devices must be 
able to maintain extended positions even during a general failure of the aircraft's 
power system. Applicant further understands that future FARs will require 
periodic testing of lift and drag devices to demonstrate their ability to maintain 
selected positions under flight loads without power and without pilot input. 

[0004] Trailing edge flaps ("flaps") on jet transport aircraft typically deploy aft of 

the wing and downward to increase wing area and camber. The flaps are typically 
powered by a drive shaft that extends longitudinally inside the wing and is 
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coupled to a central power drive unit. The drive shaft is connected by a system of 
gears to a series of ball screws distributed along the length of the wing adjacent to 
the flaps. Rotation of the drive shaft in a first direction causes the ball screws to 
rotate in a corresponding direction, thereby extending the flaps. Similarly, counter 
rotation of the drive shaft causes the ball screws to counter-rotate, thereby 

retracting the flaps. 

Conventional brake systems for holding flaps in position include "no-back" 
brake systems and "wing-tip" brake systems. Both of these systems are "active" 
brake systems that actively engage the flap deployment system to hold the flaps 
in a selected position and actively release the flap deployment system for flap 
repositioning. A typical wing-tip brake system, for example, includes a friction 
brake that engages the drive shaft when the flaps are fully extended to hold the 
flaps in the extended position. For flap retraction, the wing-tip brake releases the 
drive shaft so the power unit can rotate the drive shaft in the counter direction and 
retract the flaps. 

One shortcoming of conventional flap brake systems is the difficulty in 
testing the ability of the brake to hold the flaps in a selected position. Another 
shortcoming of such systems is that they typically do not include means for 
determining the health of the system. That is, such systems typically do not 
include means for determining the amount of useful life remaining on the system 
components before one or more of the components should be replaced or 
refurbished. As a result, these components are typically replaced as a matter of 
course well before the end of their useful life. 

SUMMARY 

Aspects of embodiments of the invention are directed to brake systems for 
aircraft control surfaces such as leading edge slats and trailing edge flaps. In one 
embodiment, an aircraft system for moving a control surface between an extended 
position and a retracted position includes a movable member and a brake. The 
movable member can be operably coupled to the control surface such that the 
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control surface moves from the extended position toward the retracted position in 
response to movement of the movable member in a first direction. The brake can 
be configured to resist movement of the movable member in the first direction 
when the control surface is in the extended position. The brake can be further 
configured to resist movement of the movable member in the first direction when 
the control surface moves from the extended position toward the retracted 
position. In one aspect of this embodiment, the aircraft system can further include 
a force sensor operably coupled to the brake that is configured to measure a force 
applied to the brake as the control surface moves from the extended position 
toward the retracted position. A memory device can be operatively coupled to the 
force sensor that is configured to record the force applied to the brake as the 
control surface moves from the extended position toward the retracted position. 

In another embodiment, a method for operating an aircraft control surface 
can include activating a control system to move the control surface from a 
retracted position to an extended position. Once in the extended position, a brake 
can be applied to the control system to at least restrict motion of the control 
surface from the extended position. The method can further include activating the 
control system to move the control surface from the extended position to the 
retracted position. While the control surface is moving from the extended position 
to the retracted position, the brake can continue to be applied to the control 
system to resist the movement of the control surface from the extended position to 
the retracted position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially schematic top isometric view of an aircraft having a 
control surface operating system configured in accordance with an embodiment of 
the invention. 

Figure 2 is a schematic top view of the control surface operating system of 
Figure 1 configured in accordance with an embodiment of the invention. 



[0009] 
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[0011] Figure 3 is a partially schematic, partially hidden isometric view of a control 

surface brake configured in accordance with an embodiment of the invention. 

[0012] Figure 4 is a side cross-sectional view of the brake of Figure 3 configured 

in accordance with an embodiment of the invention. 

[0013] Figure 5 is a flow diagram of a routine for monitoring the health of a control 

surface brake in accordance with an embodiment of the invention. 

DETAILED DESCRIPTION 

[0014] The following disclosure describes brake systems for use with aircraft 

trailing edge flaps, leading edge slats, and other control surfaces. Certain 
specific details are set forth in the following description and in Figures 1-5 to 
provide a thorough understanding of various embodiments of the invention. Other 
details describing well-known structures and systems often associated with 
aircraft, and more specifically, with aircraft control surface operating systems, are 
not set forth in the following description to avoid unnecessarily obscuring the 
description of the various embodiments of the invention. 
[0015] Many of the details, dimensions, angles, and other specifications shown in 

the Figures are merely illustrative of particular embodiments of the invention. 
Accordingly, other embodiments can have other details, dimensions, and 
specifications without departing from the spirit or scope of the present invention. 
In addition, other embodiments of the invention may be practiced without several 
of the details described below. 
[0016] In the Figures, identical reference numbers identify identical or at least 

generally similar elements. To facilitate the discussion of any particular element, 
the most significant digit or digits of any reference number refer to the Figure in 
which that element is first introduced. For example, element 110 is first 
introduced and discussed with reference to Figure 1. 
[0017] Figure 1 is a partially schematic top isometric view of an aircraft 100 having 

a control surface operating system 110 (shown schematically) configured in 
accordance with an embodiment of the invention. In one aspect of this 
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embodiment, the aircraft 100 includes a fuselage 102 and a wing 104 fixedly 
attached to the fuselage 102. The wing 104 can include a number of movable 
control surfaces for controlling the aircraft 100 during flight. These surfaces can 
include not only ailerons 105 for roll control, but also leading edge slats 106 and 
trailing edge flaps 108 (shown as an inboard flap 108a and an outboard flap 
108b) for generating increased lift during takeoff and landing. 

In operation, the control surface operating system 110 can move the flaps 
108 between retracted positions (shown by solid lines) and extended positions 
(shown by dotted lines). In the extended positions, aerodynamic forces tending to 
move the flaps 108 may be substantial. According to the FARs, however, the 
control surface operating system 110 should be able to hold the flaps 108 in the 
extended positions without any input by the pilot of the aircraft 100, and even in 
the event of a general power failure. As described in greater detail below, the 
control surface operating system 110 can include a brake configured to hold the 
flaps 108 in the extended positions against the aerodynamic forces. Although the 
foregoing discussion refers to the flaps 108 for purposes of illustration, the 
discussion is equally applicable to the slats 106 because they function in a similar 
manner and are generally subject to the same functional requirements as are 

imposed on the flaps 108. 

Figure 2 is a schematic top view of the control surface operating system 
1 10 of Figure 1 configured in accordance with an embodiment of the invention. In 
one aspect of this embodiment, the control surface operating system 110 ("system 
110") includes a power drive unit 220 ("PDU 220") operably coupled to a drive 
shaft 222 by a series of gearboxes 221 and a universal joint 223. The PDU 220 
can be housed in the fuselage 102 of the aircraft 100 (Figure 1), and the drive 
shaft 222 can extend longitudinally within the wing 104 forward of the flaps 108. 
Redundant hydraulic motors 221 a,b provide power to the PDU 220. In other 
embodiments, the PDU 220 can include other forms of power, such as electrical 
power. 
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In another aspect of this embodiment, the drive shaft 222 is operably 
coupled to a series of "T" gearboxes 224 positioned along the length of the drive 
shaft 222 (shown as a first T gearbox 224a, a second T gearbox 224b, a third T 
gearbox 224c, and a fourth T gearbox 224d). The T gearboxes 224 transfer shaft 
power from the drive shaft 222 to corresponding transmissions 228 (shown as a 
first transmission 228a, a second transmission 228b, a third transmission 228c, 
and a fourth transmission 228d). Corresponding ball screws 226 (shown as a first 
ball screw 226a, a second ball screw 226b, a third ball screw 226c, and a fourth 
ball screw 226d) extend aft from each of the transmissions 228a-d and operably 
engage threaded couplings 227 attached to the wing flaps 108. 

To extend the flaps 108, the PDU 220 causes the drive shaft 222 to rotate 
in a first direction about a longitudinal axis 290. This rotation of the drive shaft 
222 causes the ball screws 226 to rotate in unison in a corresponding direction, 
causing the flaps 108 to move aft to extended positions (shown by dotted lines in 
Figure 2). In a further aspect of this embodiment, the system 110 can also 
include position sensors 232 positioned adjacent to each of the ball screws 226. 
The position sensors 232 are configured to monitor rotation of the adjacent ball 
screws 226 to ensure that they do not skew the flaps 108 during extension. To 
retract the flaps 108, the PDU 220 causes the drive shaft 222 to counter-rotate in 
a second direction opposite to the first direction. 

In yet another aspect of this embodiment, the system 110 includes a 
control surface brake 240 operably coupled to the drive shaft 222 to hold the flaps 
108 in extended positions. In one embodiment described in greater detail below, 
the brake 240 can permit free rotation of the drive shaft 222 in the first direction 
during flap extension and resist counter rotation of the drive shaft 222 in the 
second direction during flap retraction. Accordingly, during extension of the flaps 
108, the brake 240 exerts little or no resistance against the PDU 220. Once the 
flaps 108 are in an extended position, the brake 240 holds the flaps (108) in the 
extended position by resisting rotation of the drive shaft 222 in the retraction 
direction. For flap retraction, the PDU 220 applies sufficient torque to the drive 
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shaft 222 such that, when combined with the torque from the aerodynamic load on 
the flaps 108, the drive shaft 222 overcomes the brake 240 and retracts the flaps 
108. 

In a further aspect of this embodiment, the drive shaft torque required to 
overcome the brake 240 and retract the flaps 108 can be based at least partially 
on the maximum expected aerodynamic load on the flaps 108. For example, if the 
maximum expected aerodynamic load exerts a torque of 400 inch-pounds on the 
brake 240, then the brake 240 can be sized to require at least about 450 inch- 
pounds of torque before slipping. Sizing the brake 240 in this manner can ensure 
that the system 110 has a sufficient margin of safety above and beyond the 
maximum expected aerodynamic load on the flaps 108. Further, sizing the brake 
240 in this manner can also ensure that the PDU 220 only has to apply an 
additional 50 inch-pounds of torque to the drive shaft 222 to overcome the brake 
240 and retract the flaps 108 when they are experiencing the maximum 
aerodynamic load. 

In yet another aspect of this embodiment, the brake 240 is positioned 
between the third T gearbox 224c and the fourth T gearbox 224d. This feature 
can reduce the likelihood of the flaps 108 moving from a selected position if the 
drive shaft 222 breaks. For example, if the brake 240 is instead positioned 
between the first T gearbox 224a and the second T gearbox 224b, then a break in 
the drive shaft 222 between the second T gearbox 224b and the third T gearbox 
224c would leave the outboard flap 108b without any brake system. By 
positioning the brake 240 as shown in Figure 2, however, a single break 
anywhere in the drive shaft 222 will not leave either flap 108 without a brake 
system because the brake on the opposite wing (not shown) holds the inboard 
flap 108a if a drive shaft break occurs outboard of the second T gearbox 224b. 
The opposite wing brake is able to hold the inboard flap 108a in position because 
the inboard flap 108a is connected to the opposite wing brake by the PDU 220. 

Figure 3 is a partially schematic, partially hidden isometric view of the 
brake 240 of Figure 2 configured in accordance with an embodiment of the 
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invention. In one aspect of this embodiment, the brake 240 includes a body 342 
pivotally mounted between a first support 350a and a second support 350b. The 
supports 350 can be fixedly attached to the internal structure of the wing 104. A 
fitting 344 extends outwardly from the body 342 and is coupled to a first end 363 
of a link 360. A second end 364 of the link 360 is coupled to a fitting 304 fixedly 
0 attached to the internal structure of the wing 104. In this manner, the link 360 

prevents any appreciable rotation of the brake body 342 about the longitudinal 
axis 290. 

[0026] In another aspect of this embodiment, the drive shaft 222 extends coaxially 

through the brake body 342 along the longitudinal axis 290. A rotor 370 
positioned inside the brake body 342 can be mounted to the drive shaft 222 by a 
ratchet mechanism 372. A motion resister 380 can be fixedly attached to the 
inside of the brake body 342 and configured to resist rotation of the rotor 370. 

[0027] Figure 4 is a side cross-sectional view of the brake 240 of Figure 3 

configured in accordance with an embodiment of the invention. In one aspect of 
this embodiment, the motion resister 380 includes a caliper portion 482 fixed to 
the interior of the brake body 342. The caliper portion 482 can support a plurality 
of compression members 486 that push against opposing friction disks 484. In 
one embodiment, the compression members 486 can include Belleville washers 
or other mechanical compression springs. In other embodiments, the 
compression members 486 can include hydraulic or pneumatic actuators. In 
another aspect of this embodiment, the rotor 370 is sandwiched between the 
opposing friction disks 484 such that the friction disks 484 exert a friction force 
against the rotor 370 if the drive shaft 222 applies a torque to the rotor 370. 

[0028] Referring to Figures 3 and 4 together, in one embodiment, the ratchet 

mechanism 372 allows the drive shaft 222 to rotate in a first direction 331 
relatively independent of the rotor 370. As a result, the PDU 220 (Figure 2) can 
apply a torque to the drive shaft 222 in the first direction 331 to extend the flaps 
108 without encountering significant resistance from the motion resister 380. 
When the flaps 108 (Figure 2) are in an extended position, aerodynamic forces 
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acting on the flaps 108 cause them to exert a torque on the drive shaft 222 in a 
second direction 332. When this happens, however, the ratchet mechanism 372 
causes the drive shaft 222 to engage the rotor 370, and the motion resister 380 
exerts a frictional force on the rotor 370 to prevent rotation of the drive shaft 222 
in the second direction 332. In this manner, the brake 240 holds the flaps 108 in 
the extended position without any input from the pilot, even in the event of a 
power failure. 

To retract the flaps 108, the PDU 220 (Figure 2) applies a torque to the 
drive shaft 222 in the second direction 332 that is sufficient to overcome the brake 
240. Here, "to overcome the brake 240" means that the torque applied to the 
drive shaft 222 is sufficient to cause the rotor 370 to slip and rotate with respect to 
the motion resister 380. The motion resister 380 exerts a drag on the rotor 370 
that is at least generally constant as the flaps 108 move from an extended 
position toward the retracted position. In summary, in the illustrated embodiment, 
the brake 240 does not exert appreciable drag on the drive shaft 222 as the drive 
shaft 222 rotates in the first direction 331 to move the flaps 108 outward to an 
extended position, but the brake 240 does exert an at least generally constant 
drag on the drive shaft 222 as the drive shaft 222 counter-rotates in the second 
direction 332 to move the flaps 108 inward toward the retracted position. 

The configuration of the motion resister 380 described above with 
reference to Figures 3 and 4 is provided here solely for the purpose of illustrating 
one of the many brake configurations possible in accordance with the present 
invention. Accordingly, in other embodiments, a control surface brake can include 
motion resister configurations different than that described above without 
departing from the spirit or scope of the present invention. For example, in 
another embodiment, a motion resister can include a series of alternating rotors 
and friction disks that provide essentially the same function as the motion resister 
380 described above. In a further embodiment, a motion resister can include 
cylindrical friction surfaces instead of the flat friction surfaces depicted in Figure 
4. In yet another embodiment, the friction disks 484 can include friction pads with 
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at least generally flat friction surfaces. In other embodiments, the friction disks 
484 can include skewed rollers that bear against the rotor 370 to provide the 
requisite frictional force. In addition, in one embodiment, the compression 
members 486 can include Belleville washers or other types of mechanical springs. 
In other embodiments, the compression members 486 can include hydraulic or 
pneumatic pressure. Accordingly, the present invention is not limited to the 
particular embodiment described above with reference to Figures 3 and 4. 

In other embodiments, the flaps 108 can be extended and retracted by 
movable members other than the rotating drive shaft 222 described above with 
reference to Figures 3 and 4. For example, in one other embodiment, the flaps 
108 can be extended and retracted by a movable member, such as a pushrod or 
other linkage, that is coupled to the flaps 108 and translates axially, for example, 
axially fore and aft, to move the flaps 108. In one aspect of this other 
embodiment, the movable member may be hydraulically or pneumatically actuated 
to move the flaps 108. In yet another embodiment, the flaps 108 can be extended 
and retracted by an electrically driven actuator that is coupled to the flaps 108. In 
these other embodiments, a brake can be configured in accordance with the 
present disclosure to resist movement of the movable member in the retraction 
direction when the flap is in the extended position, and further configured to resist 
movement of the movable member in the retraction direction as the flap moves in 
the retracted direction. 

Returning to Figure 3, in one aspect of this embodiment, the link 360 can 
include a spring 361 connected in series with a force sensor 362. The force 
sensor 362 can be configured to measure the tension force applied to the link 360 
when the brake 240 resists rotation of the drive shaft 222. Once this tension force 
is known, the torque capability of the brake 240 can be easily derived. In one 
embodiment, the force sensor 362 can include a strain gauge or other 
piezoelectric device. In other embodiments, the force sensor 362 can include a 
device for measuring elongation or displacement of the link 360 against the spring 
361. The tension load applied to the link 360 can be derived from this 
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displacement. In other embodiments, the force sensor 362 and/or the link 360 
can include other devices for measuring the tension force applied to the link 360. 
Such other devices can include, for example, various proximity switches, 
microswitches, torque cells, score sensors, and the like. 

[0033] In another aspect of this embodiment, the force sensor 362 can be 

operatively connected to a flight control computer 368 (shown schematically in 
Figure 3). Rotation of the drive shaft 222 in the second direction 332 exerts a 
torque on the brake 240 that is reacted by a corresponding tension force in the 
link 360. The force sensor 362 can measure this tension force and transmit that 
information to the flight control computer 368. 

[0034] In one embodiment, the flight control computer 368 can use the tension 

force measured by the force sensor 362 to determine the health of the brake 240. 
For example, the flight control computer 368 can periodically compare the 
maximum torque capability of the brake 240, as measured by the force sensor 
362, to the maximum expected torque from the aerodynamic loads on the flaps 
108 to ensure that the capability of the brake 240 exceeds the maximum expected 
torque by an acceptable margin. As the motion resister 380 wears down over 
time, the brake capability as measured by the force sensor 362 will also decline. 
When the brake 240 no longer provides a sufficient margin over the maximum 
expected aerodynamic loads, then the flight control computer 368 can send a 
signal (for example, to the cockpit for the pilot or to a memory for download by 
maintenance personnel) indicating that service of the brake 240 is required. 

[0035] One feature of aspects of the embodiment illustrated in Figures 3 and 4 is 

that the brake 240 is a "passive" brake that is always "on." One advantage of this 
feature is that the brake 240 will hold the flaps 108 in an extended position even if 
there is a general failure of the aircraft power system. Another feature is that the 
force sensor 362 provides health monitoring of the brake 240. For example, by 
monitoring the torque capability of the brake 240 when the drive shaft 222 is 
rotating in the second direction 332 to retract the flaps 108, an aircraft operator 
can ensure that the brake 240 always has the ability to hold the flaps 108 in 
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position under maximum expected aerodynamic loads with a sufficient margin. 
Further, any degradation in brake performance observed over time can be used to 
schedule routine maintenance of the brake 240. Yet another advantage of this 
configuration is that a separate brake testing procedure is not needed because 
the health of the brake can be monitored in real time during normal operations. 

Figure 5 is a flow diagram of a routine 500 for monitoring the health of a 
control surface brake, such as a trailing edge flap brake, in accordance with an 
embodiment of the invention. In block 502, a pilot or other operator commands 
the flap to move from the retracted position to an extended position. In block 504, 
a force sensor or other suitable device measures the static torque T1 applied to 
the brake by the extended flap. In block 506, the operator commands the flap to 
retract. In block 508, as the flap is retracting, the force sensor measures the 
dynamic torque T2 applied to the brake by the drive shaft to retract the flap. 

In decision block 510, the routine 500 compares the dynamic torque T2 to 
a first brake requirement R1 to ensure that the dynamic torque T2 is greater than 
or equal to the first requirement R1 . In one embodiment, the first requirement R1 
can be equal to the maximum expected torque from aerodynamic forces plus an 
acceptable margin of safety. For example, if the maximum expected torque from 
aerodynamic forces is 400 inch-pounds, then R1 can be set equal to 400 inch- 
pounds plus an acceptable margin of safety, such as 100 inch-pounds, for a total 
value of 500 inch-pounds. In this example, the brake would have to be capable of 
withstanding a torque of 500 inch-pounds before allowing rotation of the drive 
shaft to retract the flaps. If T2 is not greater than or equal to R1 , then in block 
512 the routine 500 can send a signal indicating that brake service is required. 
For example, the routine 500 can send a signal for display in the cockpit of the 
aircraft to notify the pilot of the brake condition. Alternatively, the signal can be 
downloaded from the flight control computer by maintenance personnel. 
Returning to decision block 510, if T2 is greater than or equal to R1, then the 
routine 500 may be complete. Alternatively, the routine 500 can proceed to block 
514 for a further health check. 
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[0038] In block 514, the routine 500 calculates a difference in torque T3 equal to 

the dynamic torque T2 minus the static torque T1. In this embodiment, T3 is 
equal to the torque increment that must be applied to the drive shaft by the PDU 
to overcome the brake and retract the flaps. In decision block 516, T3 is 
compared to a second brake requirement R2 to ensure that T3 is greater than or 
equal to R2. In one embodiment, the second brake requirement R2 can be set 
equal to an acceptable margin of safety for the brake, such as 25%. For example, 
if the maximum expected torque from aerodynamic forces is 400 inch-pounds, 
then R2 can be set equal to 100 inch-pounds. If T3 is not greater than or equal to 
R2, then the routine 500 can proceed to block 512 and send a signal indicating 
that brake service is required. Alternatively, if T3 is greater than or equal to R2, 
then the routine 500 is complete. 

[0039] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended 
claims. 
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